SCIENCE & GLOBAL SECURITY g 
2018, VOL. 0, NO. 0, 1-35 3 Routledge 
https://doi.org/10.1080/08929882.2018.1451050 fa] Taylor & Francis Group 


M) Check for updates 


The 22 September 1979 Vela Incident: Radionuclide and 
Hydroacoustic Evidence for a Nuclear Explosion 


Lars-Erik De Geer ©° and Christopher M. Wright? 


aRetired, Swedish Defence Research Agency, Stockholm, Sweden and The Preparatory Commission for the 
Comprehensive Nuclear-Test-Ban Treaty Organization, Vienna, Austria; ÞUNSW Canberra, School of 
Physical, Environmental and Mathematical Sciences, Research Group on Science & Security, The Australian 
Defence Force Academy, Canberra BC, Australia 


ABSTRACT ARTICLE HISTORY 
This article offers a new analysis of radionuclide and hydroacous- 
tic data to support a low-yield nuclear weapon test as a plausi- 
ble explanation for the still contentious 22 September 1979 Vela 
Incident, in which U.S. satellite Vela 6911 detected an optical sig- 
nal characteristic of an atmospheric nuclear explosion over the 
Southern Indian or Atlantic Ocean. Based on documents not pre- 
viously widely available, as well as recently declassified papers 
and letters, this article concludes that iodine-131 found in the thy- 
roids of some Australian sheep would be consistent with them 
having grazed in the path of a potential radioactive fallout plume 
from a22 September low-yield nuclear test in the Southern Indian 
Ocean. Further, several declassified letters and reports which 
describe aspects of still classified hydroacoustic reports and data 
favor the test scenario. The radionuclide and hydroacoustic data 
taken together with the analysis of the double-flash optical sig- 
nal picked up by Vela 6911 that was described in a companion 
2017 article (“The 22 September 1979 Vela Incident: The Detected 
Double-Flash”) can be traced back to sources with similar spatial 
and temporal origins and serve as a strong indicator for a nuclear 
explosion being responsible for the 22 September 1979 Vela 
Incident. 


Introduction 


Just after midnight, at 00:52:43, on 22 September 1979 UTC, a USS. surveillance 
satellite, Vela 6911,’ equipped with special sensors called bhangmeters that record 
double light flashes typical of atmospheric nuclear explosions, picked up a signal 
that strongly indicated such an event. Based on the data, the explosion would have 
occurred somewhere in the South Atlantic or South Indian Ocean, and the signal 
became known variously as the Vela Incident, Alert 747, or Event 747. Following 
analysis of hydroacoustic signals detected by the Ascension Island array 110 min- 
utes after the flash, the most probable test location was assessed to have been above 


CONTACT Lars-Erik De Geer Q ledg1945@gmail.com © Fladervagen 51, 194 64, Upplands Vasby, Sweden. 
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/GSGS. 
© 2018 Taylor & Francis Group, LLC 


2 L-E. DE GEER AND C. M. WRIGHT 


shallow waters close to the remote South African Prince Edward Islands, some 
2,200 km southeast of Cape Town. The satellite detection information remained 
secret for about one month, before being leaked and reported by ABC TV on 25 
October 1979.7 

According to a National Security Council (NSC) document declassified in 2003, 
the US. Intelligence Community on 22 October 1979 had “high confidence, after 
intense technical scrutiny of satellite data, that a low-yield atmospheric nuclear 
explosion occurred in the early morning hours of 22 September 1979? In another 
document from the NSC dated 7 January 1980, different options were spelled out 
for what the Government’s public posture on the Vela event should be and among 
three options one was to “emphasize that one cannot tell whether September 22 
event was nuclear or non-nuclear”? Given its obvious proliferation implications, 
and the discrepancy in the amplitude of the optical signal’s second peak between 
the two independent sensors on 6911,* an expert panel was set up in October 
1979 to assess the original double flash and possible corroborative signals. This 
panel was chaired by Dr. Jack Ruina, a former director of the Advanced Research 
Projects Agency, and included eight respected physics, engineering, and technology 
professors, among them the Nobel laureate Luis Alvarez, Dr. Richard Garwin, and 
Dr. Wolfgang Panofsky. 

The Ruina Panel’s mandate focused on whether the double flash could have been 
“of natural origin, possibly resulting from the coincidence of two or more natu- 
ral phenomena.’ The conclusion drawn in their 23 May 1980 final report was that, 
“although the Panel is not able to compute the likelihood of the September 22, 1979 
event being a nuclear explosion, based on our experience in related scientific assess- 
ments, it is our collective judgment that the September 22 signal was probably not 
from a nuclear explosion? ”> The statistical inferences in this statement are important, 
as they left very much open the possibility that a nuclear test was responsible for the 
signal, put at about a 1-in-4 chance by one of the Panel members interviewed shortly 
after release of their report.° Even so, the Panel stated that “we consider the alter- 
native explanation of the September 22 signal as light reflected from debris ejected 
from the spacecraft as reasonable, but we do not maintain that this particular expla- 
nation is necessarily correct.” Again, the nuancing in the Panel's words is impor- 
tant, as it suggests that, if it wasn’t an explosion, the Panel had little idea what phe- 
nomenon produced the signal. Indeed, their task was not to come up with a precise 
explanation, but rather to examine qualitatively possible alternatives to a nuclear 
explosion. 

The Panel relied heavily on Vela bhangmeter data of previous confirmed nuclear 
explosions as well as on about 100 other optical signals for which no explanation 
existed at the time. This was provided by the Air Force Technical Applications Cen- 
ter (AFTAC), whose mission is the detection of non-U.S. nuclear detonations any- 
where in the world at any time. Known as the Vela zoo, or zoo-ons, none of the 
unexplained signals had a light curve like Alert 747. Especially no zoo-on had a first 
maximum like Alert 747, in either rise time or pulse shape. While a few zoo-ons 
had a second maximum, in no case did the trace of the two bhangmeters approach 
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anywhere near the similarity observed in the Alert 747 case. In other words, Alert 
747 looked more like the previous nuclear explosions than anything else.” 

In classifying Alert 747 as a zoo-on, the anecdotal evidence is that the Ruina Panel 
rejected the opposing explanation put forward by government agencies and/or con- 
tractors. Further, the Panel largely dismissed corroborative evidence of a nuclear 
explosion. This included a 300-page report from the NRL, which contained an anal- 
ysis of a hydroacoustic signature, the temporal and spatial origins of which were con- 
sistent with those of the optical signal. The NRL report remains classified to this 
date. Additional corroborative evidence concerned a possible detection of a short- 
lived fission product. The Panel wrote in their report that “detection of radioactive 
fallout can be immediately confirmatory for a nuclear event” and “positive results 
from the debris collection effort would provide conclusive evidence of a nuclear 
explosion.” Despite this, the Panel appeared to not give due consideration to poten- 
tial corroborative evidence from existing radionuclide data that needed a thorough 
analysis to be fully credible. 

This paper sets out to do exactly that. It finds that the radionuclide information, 
plus the hydroacoustic signals, dismissed by the Ruina Panel bear heavily on the con- 
clusion of whether the 22 September 1979 event was a nuclear test. This paper and 
its companion paper, “The 22 September 1979 Vela Incident: The Detected Double- 
Flash” published in 2017, are restricted to technical analyses of the data.” Other 
non-technical information that might be relevant is not considered such as specula- 
tion about possible responsible parties. Such claims are typically ambiguous, poorly 
documented, or attributed to sources that cannot be independently verified.’° Also 
not examined are suggestions of a “cover-up” and obfuscation by the U.S. govern- 
ment down-playing the event and making a sustained effort to find non-nuclear 
explanations that would “cloud” the issue. These have been covered extensively in 
other works and overlook the vast resources invested by U.S. agencies in finding 
confirming data. In any case, such allegations can only contribute to the story once 
the technical case for a nuclear test has been made.'! 

The paper begins with an analysis of the iodine-131 fresh fission product found in 
the thyroids of slaughtered sheep from southeast Australia. Then an analysis of the 
hydroacoustic investigation undertaken by the NRL is presented, followed by some 
brief surveys of other possibly corroborative evidence. It ends with a discussion and 
a summary of the conclusions. Supplementary material relevant to the iodine-131 
detections is provided in the online Appendix.'* 


lodine-131 detected in Southeastern Australian sheep 


In October and November of 1979, low levels of iodine-131, with a half-life of 
8.025 days, were detected in sheep thyroids from southeast Australia. Since 1956, 
and at least through 1986, thyroid glands from southeast Australian sheep slaugh- 
tered in Melbourne were regularly analyzed for radioactivity, primarily for the pres- 
ence of iodine-131. Samples were sent by Dr. Roger Melick (University of Mel- 
bourne and Royal Melbourne Hospital) about once per month in 1979 and more 
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often during the French atmospheric tests at and around Mururoa and Fangataufa 
from 1966 to 1974. The analyses were conducted in the United States by Prof. Lester 
VanMiddlesworth at the University of Tennessee (Memphis). By 1979, it had long 
been established that thyroid glands of grazing animals, and especially sheep, effi- 
ciently concentrate radioactive iodine-131 from atmospheric nuclear weapon tests. 

Since VanMiddlesworth did not publish his Alert 747 findings, it is difficult, but 
not impossible, to make an independent technical analysis of his results. Several 
documents exist in which he explains his methodology, both for this finding and 
more generally for findings during his four decades of research into iodine fallout 
and thyroid monitoring. Some are located at the National Security Archive at George 
Washington University (Washington, D.C.), having been declassified by Freedom of 
Information Act (FOIA) requests. Others are at the Nuclear Testing Archive in Las 
Vegas, where VanMiddlesworth’s remaining papers, including reports, notebooks, 
and miscellaneous notes, are archived. Hereinafter, these documents will be referred 
to as “LVM” followed by a running number, such as LVM-1."° 


Procedures of VanMiddlesworth’s iodine-131 surveillance with focus on Australia 


VanMiddlesworth’s methodology is central to the reliability of the Octo- 
ber/November 1979 thyroid data. Therefore, and because it is relevant to refuting 
some objections encountered later, it is reviewed in detail here. 

About ten thyroid glands from sheep were dissected at the Melbourne abattoir 
and delivered to a laboratory, presumably at the University of Melbourne, where 
they were packed with 5-8 grams of paraformaldehyde and dispatched to VanMid- 
dlesworth in containers provided by him (LVM-1). Care was taken at all stages to 
ensure that the thyroids were not exposed to radioactivity. Upon arrival at VanMid- 
dlesworthss laboratory, the glands were trimmed from non-thyroid tissue, weighed, 
placed in a cup or beaker, and the gamma radiation in the energy range 300-400 keV, 
i.e., encompassing the iodine-131 364.5 keV primary gamma line, was measured 
using a single channel pulse height analyzer (SCA) connected to a sodium iodide 
scintillation crystal with a diameter of 5 inches and a 1-inch well.'* The setup was 
shielded by four inches of lead. Measurements were made at least twice on each sam- 
ple for 40-80 minutes, a background count was subtracted, and the result compared 
to an iodine-131 reference solution measured with similar experimental parameters. 
Any detected radioactivity was corrected for decay back to the date of slaughter and 
expressed in units of pico-Curie per gram (pCi/g).’° 

The detection limit for iodine-131 was usually in the range of 0.05-1.00 pCi/g 
(2-37 mBq/g) with the spread much depending on the different transit times in the 
mail (LVM-1, LVM-2). If the result was less than about 0.5 pCi/g, it was considered 
to be consistent with background, whereas a result of 0.5-1.0 pCi/g indicated the 
possible presence of intrinsic radioactivity. Levels above 1 pCi/g were considered 
significant, with a 90% probability that the derived value was within +10% of the 
true figure, at least if the measurement was not conducted more than two or three 
iodine-131 half-lives post-slaughter. 
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When the radioactivity inferred by the SCA exceeded 0.5 pCi/g, the sample 
was subjected to gamma-ray spectroscopy to confirm the presence or absence of 
iodine-131. An integration time of 1,000 minutes (16.67 h) was typically used to 
acquire the spectrum, with the specimen inside a shielded 5” x 5” Nal(T1) detector 
with a 1” diameter well coupled to a multichannel analyzer (MCA). This detector 
was probably the same detector as used for the SCA scans, but if not, it used a crystal 
with identical specifications. Anywhere from a few hundred to several hundred 
channels were used to cover gamma energies up to 1,000 keV. Subsequently, a 
background spectrum—or an average of many background spectra—taken under 
the same experimental conditions was subtracted. 

VanMiddlesworth was aware of possible contamination and/or background 
issues that could lead to a false positive. This is evident from several published 
papers. For instance, when low-level quantities of iodine- 131 were detected in Welsh 
sheep thyroids in late 1978 and 1979, checks were done to determine if any abat- 
toir workers had undergone a medical treatment with iodine-131, if there had been 
an iodine-131 release from regional nuclear power reactors, and if iodine-131 had 
been found in milk.'° In other publications, circumstances were described under 
which natural radioactive isotopes, such as those of radium and their decay daugh- 
ter products, could mimic the presence of iodine-131.'” In these cases, the same 
thyroids were re-measured weeks and months later to determine if the activity 
decreased, indicating iodine-131, or remained constant, indicating much longer- 
lived uranium and/or thorium series isotopes. While VanMiddlesworth did occa- 
sionally find radium or its daughter products in cattle thyroids, at least up to 1979 
these isotopes were never found in sheep thyroids. All of this provides confidence 
that VanMiddlesworth was meticulous in pursuing options for explaining unusually 
elevated iodine-131 readings. 


The iodine-131 detections from Southeast Australia, October-November 1979 


A thyroid sample collected at the Melbourne slaughterhouse on 22 October 1979 
revealed a possible signal of iodine-131 in the SCA count (LVM-3). Its implied 
specific activity on the slaughter day, based on a total counting time of 7 x 40 = 280 
minutes on 12 November 1979, was around 0.67 + 0.25 (counting uncertainty) 
pCi/g. The measurement was made 2.6 half-lives post-slaughter due to a delay in 
the mail from Melbourne. From VanMiddlesworth’s ledger notes for 12 November 
1979 the calibration used for the primary iodine-line at 364.5 keV can be deduced 
to be 1.04 (= 0.67/0.644) pCi/cpm (counts per minute) (LVM-3, pages 132 and 
133 with a correction for an obvious calculation error). The calibration factor, cf, 
expressed in pCi/cpm can also be given as the detectors efficiency, ¢(%), for the 
primary gamma ray, which for the 364.5 keV line of iodine-131 is e(%) = 27 x 
100/(60 x 0.815 x cf). Here 27 is the number of pCi per Bq, 60 is the number of 
seconds per minute, and 0.815 is the 364.5 keV gamma intensity per beta decay in 
iodine-131. For cf = 1.04 this gives an efficiency of 53%."® 
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Figure 1. Nal(Tl) spectra of the sheep thyroid glands slaughtered in Melbourne on 22 October, 5 
November, and 12 November 1979. The spectra drawn by thick lines were measured on 12, 13, and 
28 November 1979 respectively (LVM-4, Frames 17, 23 and 24), and the ones drawn by thinner lines are 
spectra counted of the same samples nine months later in August 1980 (LVM-4, Frames 22, 27 and 25). 
The peaks marked A and a are the candidate iodine-131 peaks at 364.5 keV and 637.0 keV. The white 
circles show the content of the compressed channels around the major iodine peak in the 22 October 
1979 sample. 


VanMiddlesworth acquired a gamma spectrum of the 22 October 1979 sample. 
He also analyzed two subsequent samples (5 and 12 November 1979), even though 
these two showed little indication of iodine in the SCA data. The three spectra 
acquired on 12, 13, and 28 November 1979 are displayed in Figure 1 after a back- 
ground spectrum has been subtracted. (LVM-4). Despite the delayed mail deliv- 
ery, there is a clear detection in the 22 October 1979 sample of iodine-131 by its 
major gamma line at 364.5 keV (81.5% emission probability) and with less confi- 
dence another one at 637.0 keV (7.2%). The 364.5-keV line is probably also present 
in the other two samples but with lower amplitude and significance. Figure 1 also 
shows counts taken of the samples nine months later, which effectively show zero net 
counts and thus demonstrates that the original measurements did reveal iodine-131 
activity. To our knowledge, none of these spectra found among VanMiddlesworth’s 
remaining papers at the Nuclear Testing Archive in Las Vegas have been published 
before. The original spectra had 2-keV wide channels while in Figure 1 “channel” 
refers to ten times compressed 20 keV channels, which are the ones depicted. The 
counting time of each gross spectrum was 1,000 minutes (LVM-4). 

To enhance the overall signal-to-noise ratio (SNR) in the net results, the three 
individual net spectra have been summed, and the result is displayed in Figure 2 
with the most prominent peaks marked. Here, one can clearly note the presence of 
iodine-131 (364.5 keV and 637.0 keV), lead-212 (238.6 keV), and possibly thallium- 
208 (583.2 keV). The latter two are decay products of radon-220 (thoron gas) that 
probably entered the counting cave from nearby building materials or from the 
underground. The interpretations of these four lines gain credibility from the fact 
that the linear channel-to-energy calibration through them was fitted with a coef- 
ficient of determination as close to 1 as 0.9999. A crucial point to be made from 
this co-added spectrum is that, by minimizing the noise, it provides incontrovert- 
ible evidence from the primary 364.5 keV peak, supported by the 637.0 one, that 
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Figure 2. Summed spectrum of the background-subtracted 22 October, 5 November, and 12 Novem- 
ber 1979 sheep thyroid gland samples. 


the thyroids did contain iodine-131. The noise is, however, most probably the rea- 
son that the area of the latter peak appears to be larger than what is expected from 
the area of the former one and that, what reasonably is the 511 keV annihilation 
peak, shows up around 10 keV too high. 

The pertinent iodine-131 concentrations obtained by VanMiddlesworth from 
the spectra have not been found in his archived notes. However, in Figure 1 the 
364.5 keV peak can be estimated to be 0.3 + 0.1 cpm (integrated) and with the cali- 
bration factor 1.04 pCi/cpm as given above and a correction for decay 21 days back 
to 22 October 1979 that corresponds to 1.9 + 0.6 pCi/g at slaughter, almost 3 times 
higher than the SCA estimate. That is not surprising as the dominant background 
varied with time, probably due to differing contributions of radon daughters. 

To check the efficiency, a simulation was made in the Monte-Carlo-based code 
VGSL (Virtual Gamma Spectroscopy Laboratory) developed at the Provisional 
Technical Secretariat of the Comprehensive Nuclear-Test-Ban Treaty Organization 
in Vienna.’? Although the sample and its holder are not described in detail, the effi- 
ciency can be calculated to be approximately 55%, very close to the 53% from the 
physical calibration.”° 

The background count at 364.5 keV was about 1,100 counts per 20 keV channel 
(LVM-4, Frame 9). A peak area of some 300 counts within 4 channels implies a signal 
of about 300/,/2 x 4 x 1100 = 3.2 standard deviations. 
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A meteorological analysis 


Given the clear presence of iodine-131 in southeastern Australia, the next step is 
to analyze whether there is a straightforward way to meteorologically connect a 
suspected source with the detection. Without any calculation, it can be expected 
that such a connection exists, since the prevailing winds at the relevant southerly 
latitudes are westerly, peaking in strength in the southern spring, and known as the 
roaring forties. Even so, such a study was carried out by the U.S. National Oceanic 
and Atmospheric Administration (NOAA) together with the NRL.” The study 
determined the trajectory of a possible cloud from a near surface/sea test close 
to Marion Island early on 22 September 1979 for the 500-mbar-pressure surface 
(around 5 km altitude). It found that any residual debris after the local washout 
around the test site would probably have hit and passed southeastern Australia 
during 26 September UTC, 1979 (Figure 3). The black areas mark regions of rainfall 
on 26 September that could have produced the contaminated pasture for sheep. The 
5 mm of rain on that day in the major sheep-grazing region of Victoria, Tasmania, 
and New South Wales is notable as the Melbourne abattoir mainly slaughtered 
sheep from these regions. 
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Figure3. Meteorological trajectories at the 500-mbar-pressure level starting at the area of Marion and 
Prince Edward islands (South African territory) and extending for nearly 6 days. A central track and 
two +1o lines of the trajectory are shown. The black areas in South East Australia mark areas where 
there was some 5-mm rainfall during the cloud passage that produced the contaminated pasture that 
caused the concentrations of iodine-131 in sheep thyroids that were later detected in mid-October. 
Marion Island is believed to be close to the detonation point, and Melbourne is the location of the 
abattoir that provided thyroid glands to VanMiddlesworth. All time values are UTC. 
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Further details on the iodine-131 detections are contained in the online supple- 
mentary material. On-line Appendix A examines the possibility that the iodine-131 
could have been of civilian origin, but concludes that the only realistic source of the 
iodine-131 detections is indeed the suspected nuclear explosion on 22 September 
1979. In online Appendix B, a few “false alarms” and/or ambiguous radionuclide 
detections are reviewed. The purpose of this analysis is to scan published data for 
detections in the southern hemisphere in 1979 and 1980 that could possibly cor- 
roborate the Australian thyroid data. No such data are found. In online Appendix 
C, it is shown that the detection of iodine-131 in Australian sheep thyroids is fully 
consistent with the non-detection of iodine-131 in air the Australian ground level 
air surveillance network at the time. Appendix C also describes briefly the effort by 
AFTAC to find the cloud. 


Reactions to the iodine-131 sheep thyroid detections 


On 8 December 2016, the Nuclear Security Archive published about 50 declassified 
documents from the files of Ambassador Gerard C. Smith.” The documents con- 
tain scant technical data, but some provide insights into when the U.S. Government 
became aware of and reacted to possible evidence corroborating the Vela detection. 
Among the declassified documents, the first reference to VanMiddlesworth’s anal- 
yses appears in a note written for Secretary Cyrus Vance or President Carter dated 
19 November 1979.” In that note, VanMiddlesworth was not prepared to conclude 
that a nuclear explosion had taken place. 

VanMiddlesworth had probably become aware of the 25 October 1979 report of 
a possible nuclear explosion on 22 September in the southern hemisphere and real- 
ized that his Australian sheep thyroid monitoring program could potentially detect 
iodine-131. The regular October sample was taken on 22 October, however he must 
have asked his contact in Australia, Dr. Roger Melick at the Royal Melbourne Hos- 
pital, to provide an extra sample in early November and to take the monthly sample 
a bit earlier than scheduled. After analyzing the 22 October, 5 November, and 12 
November 1979 samples, VanMiddlesworth was not ready to conclude the presence 
of any iodine-131 in these samples, writing “my first impression was that we had 
not observed 131-I in those sheep thyroids” (LVM-5). Such a conclusion was prob- 
ably related to his previous experience of detecting very high levels of sheep thyroid 
iodine-131, in the range of 100-1,000 pCi/g, after the French nuclear tests in the late 
1960s and early 1970s (LVM-1). The no-detection conclusion led to the formulation 
in the note for the President and Secretary of State that the analysis (most probably 
based on the 22 October sample) “revealed no abnormal radioactivity.” 

Another document showed that in February 1980 VanMiddlesworth re- 
measured the October/November 1979 samples and compared the original mea- 
surements with the corresponding aged ones. At that point, he completely changed 
his view and concluded that there had in fact been quite clear signals of iodine- 
131 in the October/November 1979 thyroid samples (LVM-5). He then wrote, “our 
evidence showed a high probability of iodine-131 having been present and then 
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decayed.” He further claimed that the probability of a false positive was less than 
0.1%, which implies a net signal of 3.3 standard deviations above the background. 

In the same document (LVM-5), VanMiddlesworth described how he was “vis- 
ited by representatives from the Air Force Technical Applications Center (AFTAC) 
and the data were presented to a special committee at the White House Office 
Building.” Presumably the visitors from AFTAC were joined by at least a subset of 
the Ruina Panel, and the special committee he mentioned was the Ruina Panel. In 
his memoirs, Wolfgang Panofsky, the director of the Stanford Linear Accelerator 
Centre and a Panel member, wrote: “An amusing incident originated from a U.S. 
Department of Energy (DOE) funded research installation that examined sheep 
thyroids from New Zealand (sic)” and “ ...when visiting the research installation in 
question, we found the detector used to analyze the sheep thyroids to be completely 
unshielded, and it was further reported that elevations in counting rates from that 
detector were not only due to contaminated specimens, but would also be triggered 
by the packages of passers-by!”*4 

This is not correct. VanMiddlesworth described his detector as a shielded 
5” x 5” Nal(Tl)-crystal with a 1” well for the sample, all shielded by 4 inches of 
lead. The detector with an empty well showed a count rate of about 0.3 counts 
per second, which is 3-4 orders of magnitude lower than the expected count rate 
for an unshielded 5” x 5” crystal. Dr. Panofsky had mistaken a large unshielded 
sodium iodide detector in the laboratory that alarmed if unexpected radioactivity 
was brought into the counting room for the detector used to measure thyroids. 

Nobel laureate Luis Alvarez, another member of the Ruina Panel, demonstrated 
a similar lack of appreciation for all possible corroborative evidence when he wrote 
about the work of the Ruina Panel in his 1987 autobiography: “In our DIA (Defense 
Intelligence Agency) briefings we were shown, and quickly discarded, confirm- 
ing evidence from a wild assemblage of sensors: radioactive Australian sheep thy- 
roids, radio telescopic ionospheric wind analyses, recording from the Navy’s sonic 
submarine-detection arrays that supposedly precisely located the blast from patterns 
of sound reflected from bays and promontories on the coast of Antarctica”? 

A declassified version of the Ruina report was published on 17 July 1980. Regard- 
ing VanMiddlesworth’s detections and the NRL analyses, the report concluded: 
“The search for nuclear debris and for geophysical evidence that might support the 
hypothesis that a nuclear explosion was the source of the September 22 event has 
so far only produced data that is ambiguous and noisy. At this date, there is no per- 
suasive evidence to corroborate the occurrence of a nuclear explosion on Septem- 
ber 22.” Following the release of the report, VanMiddlesworth repeated his mea- 
surements in August 1980 to confirm that there were no long-lived signals at the 
iodine-131 energies (see Figure 1). In a letter received on 25 September 1980, Van- 
Middlesworth wrote about his analyses and concerns to the NRL Research Direc- 
tor, Dr. Alan Berman, someone who had vociferously protested the Ruina Panel's 
ignorance of possible corroborative evidence.” Dr. Berman then asked Dr. Keith 
Marlow, the Head of the Radiation Survivability and Detection Branch at NRL, to 
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review the data. The conclusion of Marlow and his staff was that at least the 22 Octo- 
ber 1979 sample contained iodine-131 at a level five times the standard deviation 
of the background and that “Dr. VanMiddlesworth’s data constitute a positive case 
for the proposition that Australian sheep ingested the fission product iodine-131 in 
October 1979.2” 

Two important enclosures were expunged; the original letter from VanMid- 
dlesworth to Dr. Berman and the internal review by Dr. Marlow’s group. An African 
activist organization, The Africa Educational Fund, claimed in a 1985 report that 
they had viewed the VanMiddlesworth and Marlow enclosures secured by FOIA 
requests. Copies could not be obtained for this analysis despite FOIA requests.”® 

The day Dr. Berman received Van Middlesworth’s correspondence, Van Mid- 
dlesworth also wrote a reply to Dr. Harold Beck at the DOE Environmental 
Measurements Laboratory (EML) in New York City. VanMiddlesworth had 
obviously been in contact with EML earlier, and Dr. Beck had given a review of 
VanMiddlesworth’s measurements that concluded that EML could not support the 
detections of iodine-131. Dr. Beck repeated his concerns on 2 October 1980, when 
he reiterated the risk that the signals could actually have been due to radon-222 
decay products.” On 8 Dec 1980, in a letter to John Marcum, Beck expressed his 
concerns, which indicated that he earlier had been called as an expert before the 
Ruina Panel and thus explaining why VanMiddlesworth contacted Dr. Beck after 
the Panels final report was publicly released.*! A central issue in the discussions 
between VanMiddlesworth, Beck, and Marlow during the winter of 1980-81 was 
the statistical strength of the iodine-131 364.5 keV gamma peak. VanMiddlesworth 
had initially claimed 6 standard deviations (ø ) of the background, Marlow 5 o and 
Beck 1 o. Part of the discussion had been about the background measurements 
VanMiddlesworth had used in his analysis, the average of some 20 readings spread 
over a year or a single background taken close to the actual thyroid measurements. 
After clearing some misunderstandings, all three of them agreed in February 1981 
on the value 3.1 o.°” This value agrees well with the analysis above, which finds 
3.2 o based on a background of some 1,100 counts per channel, a 4-channel wide 
region of interest, and a net signal of some 300 counts. 


Hydroacoustics 


A nuclear airburst could potentially have many more, and stronger, corroborating 
signals than an underground nuclear explosion (UNE). Besides radioactive fallout, 
a non-exhaustive list includes: electromagnetic pulse (EMP); acoustic gravity and 
infrasonic waves, where the explosion couples directly to the atmosphere; seismic 
or hydroacoustic waves if conducted at low enough altitude for the explosion to 
couple to the surface; subsequent seismic waves (T-waves) when a hydroacoustic 
wave propagates onto land; and traveling ionospheric disturbances (TIDs).*° 
Many or all were searched for after Alert 747 with varying degrees of success, 
as briefly discussed in a following section.** Perhaps the strongest corroborative 
evidence was the detection of hydroacoustic waves by sensors of the U.S. Missile 
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Impact Location System (MILS) and/or Sound Surveillance System (SOSUS) net- 
work and analyzed in detail by a team of up to 75 personnel from the NRL.*° 
The several-hundred-page report was forwarded to the White House on 30 June 
1980. The report remains classified and is only superficially discussed in the numer- 
ous publications on the Vela signal. Several specific findings have been summa- 
rized, however, in a declassified letter from the NRL Research Director (NRLRD), 
Alan Berman, to the Executive Office of the President, Office of Science and Tech- 
nology Policy (OSTP) on 11 December 1980 (hereafter referred to as NRLRD- 
80).°° This letter was sent after a presentation by NRL on 3 December 1980 to 
the Ruina Panel, and appeared to be a follow-up to what the Director perceived 
as misunderstandings and/or confusion among the Panel members about the NRL’s 
findings. 


Utility of hydroacoustic observations 


Hydroacoustic observation should be an effective means of detecting nuclear explo- 
sions below, on, and even above the surface of the ocean (within limits). A strong 
endorsement of the efficacy of hydroacoustic monitoring is the fact that the Com- 
prehensive Nuclear-Test-Ban Treaty International Monitoring System (IMS) only 
uses six hydrophone stations (plus another five T-phase seismic stations on remote 
islands), despite oceans covering 71% of the Earth's surface.*’ This is to be compared 
with 170 seismic stations (50 primary and 120 auxiliary) dispersed throughout the 
continents, 80 radionuclide stations, and 40 infrasound stations. 

Hydroacoustic surveillance is a powerful monitoring technique because sound 
waves can travel thousands of kilometers in the ocean with relatively minor atten- 
uation, through what is called the Sound Fixing and Ranging (SOFAR) channel. 
The ocean sound speed is a function of water temperature, pressure, and salinity, 
and thus varies with depth. The SOFAR channel is a consequence of this variation. 
Decreasing with increasing depth from the surface for several hundred meters, the 
magnitude of the acoustic velocity then reverses and begins increasing with increas- 
ing depth. The depth at which the reversal occurs, i.e., where speed is a minimum, 
is termed the sound channel axis and is responsible for SOFAR propagation. Sound 
produced from a source located on the axis, typically at a depth of 700-1300 m, will 
follow paths which are refracted back toward the axis.** 

The SOFAR channel is effectively a waveguide, such that a large portion of the 
acoustic energy is confined to the plane of the velocity minimum, not undergoing 
reflections at the ocean surface or bottom which could otherwise result in attenua- 
tion. Losses are therefore relatively low in the SOFAR channel and very long ranges 
are possible, up to and beyond 10,000 km for even relatively small explosions, as 
demonstrated in many studies.’ A good example was the detection of explosions 
from charges equivalent to 34 kg of TNT, not even exploded in the sound channel 
but rather at a shallower depth of 60 m, at a range of 16,300 km between the east 
coast of Japan and the IMS station Juan Fernandez off the coast of Chile.*° 
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Hydroacoustic detections potentially associated with Alert 747 


According to NRLRD-80, at 02:43:00 UTC on 22 September, and at an SNR of 
over 300, three wide-band hydrophones near Ascension Island, part of the MILS, 
detected a signal indicative of a “large impulsive release of energy which coupled 
acoustic energy into the deep South Atlantic sound channel,” most likely referring to 
the SOFAR.*! The temporal sequence of signals on the three hydrophones allowed a 
bearing to the source of 198 +10 degrees to be inferred, i.e., to the south-southwest. 
Based on experience with French nuclear tests in the Pacific, the dispersion of the 
signals indicated a path length to Ascension of about 10,000 km.** With a prop- 
agation velocity of 1.5 km/s, a standard value for hydroacoustic signals travelling 
through the SOFAR, the origin time is then around 00:52:00 UTC, extremely close 
to the Vela signal time. 

In addition to the detection at Ascension Island, according to a recently posted 
document dated 17 June 1980, a signal was also observed from the SOSUS installa- 
tion at Argentia, Newfoundland.“ This is consistent with several other documents 
that mention the NRL study, including the Ruina Panel's report; the second site had 
never been publicly identified however.** Unfortunately, the precise details of the 
signals at the two locations remain unknown. According to the 17 June 1980 docu- 
ment, the Ascension Island signal was a direct arrival, while the Argentia signal was 
received after a reflection from a point in Antarctica. The information in NRLRD- 
80, specifically the bearing and travel path, shows that Ascension must also have 
received a reflected signal, and thus it detected both direct and reflected arrivals.*° 
For the latter, with the aforementioned bearing and travel distance, and if the source 
was somewhere near the Prince Edward and Marion Islands (hereafter PE&M), a 
fitting reflection area is the South Sandwich Ridge, part of the East Scotia Ridge, at 
a bearing of 189 degrees from Ascension.“ This scenario is depicted in Figure 4.8 

Fine structure in the hydroacoustic signals from French nuclear tests, propagated 
over a similar range (9,500 km, possibly to Guam), was replicated in the Ascension 
Island data. This fine structure was characteristic of an “explosion on, near, or in 
water 10 to 20 meters above a thin sediment layer overlying basalt.” The fine struc- 
ture, referred to as a “line frequency” in the letter, possibly points to the existence 
of peaks at 7.5 and 12 Hz in the hydroacoustic spectra of two French atmospheric 
nuclear tests.“ These can be identified with the Dragon and Licorne tests on 30 May 
and 3 July 1970 that exploded at 500 m ASL with yields of 945 kt and 914 kt at the 
Fangataufa and Mururoa atolls, respectively.°° 

Over the years, Dr. Berman has stood firmly by the findings, even arguing that the 
analysis could be used by itself to identify an explosion at about the time and place 
of the 1979 event.°! He was adamant that characteristics of the data were consistent 
with observations of French nuclear tests in the South Pacific, indeed “unique to 
nuclear shots in a maritime environment.” The continued classified nature of the 
NRL report makes a completely independent judgment impossible, but even so, by 
placing the detections in the context of hydroacoustic signals from known nuclear 
tests and other explosions, the next section reviews NRLs work and the Ruina Panel's 
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Figure 4. The tracks for the two arrivals detected by the hydrophones just south of Ascension Island. 
A reflection from the East Scotia Ridge with a band of seven approximately equidistant small islands 
over 380 km fits very well the information given in NRLRD-80. 


response. Following sections examine aspects of the detected signals not provided 
in NRLRD-80 or the few other articles which refer to the NRL work. These include 
discrimination of the signal as explosive and coupling of acoustic energy into the 
ocean and subsequently the SOFAR channel. Thereafter other potentially corrobo- 
rative data are briefly discussed, as are the logistics of performing a nuclear test at 
or near PE&M. 


Comparing Ruina Panel and NRL assessments of Alert 747 hydroacoustic data 


The hydroacoustic analysis of the NRL provides strong corroborating evidence for 
an explosion as the origin of Alert 747. The signals were detected by three Ascension 
Island MILS hydrophones and the Argentia SOSUS array.” Estimating the range 
and bearing of the signal origin the NRL utilized well-established techniques that 
continue to be practiced today. For instance, the time delay between hydrophones, 
which provide a bearing (or azimuth) to the source, was likely determined by calcu- 
lating the cross-correlation of each hydrophone pair of the Ascension triplet.*4 This 
is evidenced by the statement in NRLRD-80 of “pairwise, statistically significant 
cross-correlation coefficients for all possible pair combinations.”°° The range esti- 
mate was made using the temporal dispersion of multipath arrivals and well known 
relations between signal duration and distance. Finally, at the long ranges consid- 
ered here and given the SOFAR is effectively a waveguide, cylindrical vice spherical 
spreading for the decrease of the signal energy with distance is appropriate.*° Yet, 
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the dismissal of the hydroacoustic evidence by the Ruina Panel starkly contrasts with 
that of the NRL experts. 

Although the published literature on hydroacoustic detections of nuclear tests 
conducted on or above the surface is limited, the following discussion provides an 
independent technical assessment. To the authors’ knowledge, only two papers with 
data have been published, one for two French atmospheric tests in the South Pacific 
and another for two U.S. barge tests of the Hardtack series in the Marshall Islands.°” 
The latter can be identified as the 20 May 1958 5.9 kt Holly and 26 May 1958 
57 kt Magnolia shots, both detonated at the Eniwetok atoll. Other cases must have 
produced hydroacoustic waves, including megaton-level tests at burst heights of 
1500-4300 m during Operation Dominic at Christmas Island in 1962, but were 
instead detected via T-waves at 2,300 km distant Papeete (shots Rinconada, Blue- 
stone, Sunset, and Pamlico).°® 

The Ruina Panel described the putative Alert 747 hydroacoustic readings as 
“weak signals” and implied they were “only a few decibels above background noise.” 
On the other hand, the NRL states their SNR as being about 25 dB, or 317 to 1, 
and were immediately obvious from a visual inspection of the record. A similar 
SNR of approximately 20 dB has been reported for a small accidental underwa- 
ter explosion, which occurred 175 km south-east of New York at a depth of less 
than 100 m. Detected about 8,000 km away by the IMS hydroacoustic sensors at 
Ascension Island, the spectrogram shows an obvious and clearly apparent struc- 
ture.°? Further, the Panel criticized the NRL’s method of extracting the signal, specif- 
ically the filtering process for which they infer that a central frequency of 16 Hz 
and a bandwidth of 1 Hz were utilized. But in NRLRD-80 it is instead stated that 
12.5 + 1.5 Hz was used, a figure consistent with that observed for other nuclear 
explosions at Mururoa and Eniwetok.™ 

NRL Research Director Berman was quoted as saying it was the strongest hydroa- 
coustic pulse he had ever seen, only comparable to those from nuclear tests in the 
Pacific.*' In NRLRD-80 the signal is described as being much stronger, 25 dB versus 
13 dB above background, than from a confirmed 35-40 kt French shot at a similar 
range. With cube root scaling of the acoustic yield of an explosion, this apparent 12 
dB difference is actually increased to around 15 dB assuming yields of 2 kt and 35-40 
kt respectively for the Alert 747 and French explosions. This difference between the 
two cases was said to be probably due to the higher yield French shot being an air- 
burst at several hundred meters as opposed to a much lower altitude (even surface) 
burst presumed for Alert 747. 

There was a disagreement between the Panel and the NRL on the hydroacous- 
tic background, or at least its level and interpretation. About a site where record- 
ings were made (but not identified as Ascension or Argentia), the Panel stated that 
176 signals occurred above background during a 156-hour (6.5-day) period, pre- 
sumably referring to anything more than 3-sigma or 3 times the noise. In contrast 
the NRL notes that, for Ascension Island itself, they searched 30 days before and 
after the putative Vela signal and found no other signal with similar characteristics). 
These include i) detections on all 3 hydrophones within travel time constraints to 
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the area of the Vela satellite coverage, ii) statistically significant cross-correlation for 
all hydrophone pairs, iii) duration of 8-32 seconds, iv) a consistent “line structure” 
(probably meaning the frequency spectrum), and v) SNR > 22 dB in the 12.5 + 
1.5 Hz frequency band on all 3 hydrophones. 

Taken at face value this disagreement over the size of the signal and background 
is a serious disconnect between the two groups. They appear to be referring to two 
completely different data sets and analyses, and it would not be surprising that they 
came to different conclusions. But why? One possible reason could be that the 
two groups were referring to the different locations at which hydroacoustic signals 
were detected. The Panel may have been referring to Argentia. Being much closer to 
population centers on the east coast of North America, as well as probably shipping 
traffic, it is potentially hydroacoustically noisier than the more isolated Ascension 
Island. Its longer travel path, compared to Ascension, also suggests the signal would 
be weaker. Ifit was a direct arrival along a great circle path it would have encountered 
several bathymetric (hence attenuating) structures between source and receiver.® 
From PE&M and in order of increasing distance these include the continental mar- 
gin of the African land mass near the Cape of Good Hope, the Walvis Ridge with 
several seamounts rising to within several hundred meters of the surface, and again 
the African continental margin off its westernmost part.™ At the relevant latitudes of 
the Walvis Ridge the SOFAR axis is at a depth of 900-1000 m, so that the seamounts 
cross through it.© This would preferentially attenuate the more numerous axial rays 
and thus result in a weaker signal at the receiving station. 

Alternatively, the two groups may have been referring to the same receiving loca- 
tion but to different arrivals, i.e., the Ascension Island direct and reflected signals 
in the case of the Panel and the NRL respectively. In literature on the Vela Incident 
these are stated to be of different strengths. One article quotes a White House staff 
member as saying the data consist of two signals, “a weak one, which came first, and 
then a strong one.”®* Assuming they were from the same source “the first had to be 
a direct signal, and the second, reflected.” In other words, the reflected signal was 
stronger than the direct one, and according to the same person “most of the mathe- 
matical analysis was based on the second signal.” This then cast doubt on the overall 
reliability of the data and NRLs analysis. 

But this is not an unusual situation in hydroacoustics. Reflected signals contain 
the same structure, both temporal (duration) and spectral (frequency), as the direct 
arrival and can have a similar amplitude.®’ Indeed reflected signals enhance the 
coverage of the IMS hydrophone network, including from Antarctica, for those 
regions of the Earth that might be in the shadow of one or more of the six stations. 
A resolution of this discrepant strengths problem between the direct and reflected 
arrivals at Ascension may be inferred from an exchange between the NRL’ Director 
Berman and a journalist.™ It was noted that along a direct path, presumably from 
PE&M, around 6,500 km from Ascension, the signal would encounter scattering 
and/or blockage by bathymetric features. NRLEs computations could predict the 
observed behavior, taken here to mean the respective signals’ arrival times and 
relative amplitudes. Though not specified, in order of increasing range from PE&M 
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the scattering/blocking structures could feasibly be the Vema Seamount, Walvis 
Ridge, island of St. Helena and even the Mid-Atlantic Ridge south-east of Ascension 
Island.” The Vema Seamount is particularly noteworthy as it lies on a great circle 
path between PE&M and Ascension and rises to within tens of meters of the ocean 
surface. It most definitely cuts through the SOFAR axis and would be a significant 
source of attenuation. 


Discrimination of the Alert 747 hydroacoustic signal 


One issue not addressed in NRLRD-80 is the identification of the Ascension Island 
signal as explosive in nature rather than one of several other possible sources, 
including an undersea earthquake or volcano eruption and even ice movements 
in Antarctica. From the description of the signal being representative of “a large 
impulsive release of energy” such discrimination work was almost certainly under- 
taken. The term “impulsive” suggests an abrupt onset of the signal, consistent with 
previous data on the French and U.S. explosions and expectation from calcula- 
tions.”! Further, it is strongly implied in NRLRD-80, though not explicitly stated, 
that the putative Vela signal was of a short duration, perhaps between about 8-32 
seconds, also consistent with the previous data.” Further discrimination was likely 
to have been a straightforward process. 

The Prince Edward and Marion Islands, near which the suspected nuclear explo- 
sion occurred, have a volcanic origin. However, the first eruption in the recorded 
history of Marion Island occurred between February and October 1980, detected 
only because of a new lava field rather than any explosion or Earth tremor.” Occur- 
ring only about 6 months after Alert 747, it is possible that some precursor under- 
ground or undersea activity occurred leading up to the eruption. But no evidence 
could be found in the literature of any such observations for the region around that 
time. Other volcanic systems in nearby areas have been observed hydroacoustically, 
including from the Walvis Ridge fracture zone west of southern Africa.” However, 
potential signals from these would not satisfy the path length and bearing criteria of 
the putative Vela signal. A similar consideration, at least for the path length, holds for 
the several active volcanoes near the Antarctic Peninsula such as Deception Island. 

The properties of the signal detected by NRL are almost certainly not characteris- 
tic of volcanic activity. Observed frequencies in the spectrum of volcano eruptions 
are typically below 10 Hz, with a range of 4-12 Hz.” Perhaps more significantly, 
in contrast to a nuclear explosion, submarine volcano signals, like undersea earth- 
quake signals, typically have a longer duration, and/or occur in swarms detected 
over hours and days.” Submarine volcano signals might also contain an overtone 
structure indicative of a resonance in the conduit from magma chamber to vent, and 
exhibit a bubble pulse signature like the one from an underwater explosion.” 

The ISC (International Seismological Centre) Event Bulletin showed only two 
earthquakes within a 7.5 degree radius of PE&M for the month prior to and after 
Alert 747, with body-wave magnitudes (mb) of 4.4 and 4.7 on 29 September and 
16 October 1979, respectively.” But hydroacoustic signals can be detected from 
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undersea or near-ocean earthquakes of much lower magnitude, e.g., 2.0 mb. Such 
an earthquake in a remote location would probably not be detected by conventional 
land-based seismic networks.” But even if one did occur, and coupled energy into 
the deep sound channel, both its duration and signal onset would probably be 
longer than for an explosion and thus be easily distinguished. 

Icebergs can generate sound in the ocean via a multitude of mechanisms. These 
include collisions (impacts, grinding), calving, breakup (cracking), and ground- 
ing on the sea bottom.*’ These are characterized by relatively long durations of 
tens of seconds to tens of minutes, a frequency content from a few Hz to at least 
100 Hz (including monochromaticity but which fluctuates during a single emission 
sequence), and the presence of overtones. Hydroacoustic signatures from icebergs 
can be well discriminated from explosions. Also, given their large number icebergs 
probably form a source of background noise, and would be unlikely to generate a sig- 
nal as large as that detected at Ascension and putatively originating from Alert 747. 
This background is seasonal, and for Ascension Island exhibits low activity between 


August and October, bracketing the time of the Vela event.®*! 


Coupling of Alert 747 acoustic energy into the ocean 


The final issue not covered in NRLRD-80, and perhaps the most important in the 
context of a possible nuclear test, is the mechanism by which the explosion coupled 
acoustic energy into the SOFAR channel. Based on the “line frequency” structure 
and its similarity to French Pacific shots, the authors concluded that the explosion 
took place in shallow water, 10 to 20 m deep, “underlain with sedimentary deposits 
over a hard rock [basaltic] basement.” At first glance, this scenario carries several 
potential problems, including the difficulty of finding such an environment at the 
presumed explosion location or even anywhere nearby. 

A cursory glance at the Mururoa and/or Fangataufa atolls, where France con- 
ducted atmospheric tests, shows how very different these are compared to PE&M 
(or indeed Clarence Island, also mentioned in NRLRD-80). Both Pacific atolls have 
an interior lagoon, around 20 km x 10 km (8 km x 6 km) in size, with a rela- 
tively narrow main opening to the ocean, about 4.5 km (0.1 km) wide and up to 
9 m (8 m) deep for Mururoa (Fangataufa), plus numerous other but much narrower 
openings.*’ The average depths of the lagoons are 33 m (ranging up to 55 m) for 
Mururoa and 15 m (up to 45 m) for Fangataufa. Similar properties hold for Eniwe- 
tok and Bikini atolls. 

The hydroacoustic signals described in the literature from French atmospheric 
and U.S. barge nuclear tests within the Pacific atolls were assessed to have been 
T-phases. In other words, they were not excited by direct coupling of the explosion’s 
airblast from the atmosphere into the water and then into the deep SOFAR channel. 
Instead, the French shots were postulated to have been produced when the explosive 
energy was refracted into the atoll’s lagoon at the critical angle, then refracted into 
the atoll itself as a compressional (P) wave, which could then insonify the SOFAR 
channel wherever the seismic waves impinged upon it.*? For the U.S. shots it was 
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concluded that energy first coupled directly into the solid earth (i.e., the atoll), then 
entered the ocean at a solid/water interface and energized the SOFAR after multiple 
reflections between the ocean surface and down-sloping bottom.** 

The implication is that energy from the explosion had to be transmitted through 
up to three interfaces, air/water, water/solid and solid/water, and be converted from 
acoustic to elastic and back again. It is possible that some of the properties of a long- 
range-detected hydroacoustic signal could change between the different coupling 
scenarios just outlined. For instance, while the dominant frequency band, broadly 
separated into low and high (1-25 and 26-50 Hz) would probably not change, it may 
be that the spectral shape within the bands might be modified. The coupling mecha- 
nism of the putative Vela explosion to the deep sound channel may well be different 
to the French and U.S. cases. Since they are two volcanic outcrops the PE&M may 
be considered younger versions of the Pacific atolls. There is a steeply sloping ocean 
bottom, rising from a depth of around 3,000 m, much like the Pacific atolls. But 
the approximately 20 km wide relatively shallow plateau, 50-200 m deep, between 
the islands can hardly be considered a lagoon.* Thus, using French Pacific shots as 
a template, as in NRLRD-80, may not be entirely appropriate.*° Whatever the case, 
regardless of the precise coupling process it seems that the hydroacoustic signal from 
an atmospheric explosion will have an abrupt onset, short duration, and relatively 
low frequency content (little energy beyond about 20-30 Hz), demonstrated by both 
observations and calculations.®” 

Literature on the coupling of an atmospheric explosion into the SOFAR channel 
is rare, and that which exists is brief. But as noted above, the question of the precise 
coupling mechanism may not be a problem, as demonstrated by a series of calcula- 
tions for a 1 kt explosion conducted in, on, or above deep water.*® These calculations 
show that, despite the energy coupled into the deep ocean being sharply reduced for 
explosions near or above the surface (compared to sub-surface explosions), there is 
still sufficient energy to give an easily detectable hydroacoustic signature. It would 
be distinguished by a short duration and relatively low frequency content (peak- 
ing at around 5 Hz at a range of 10 km), consistent with the putative Vela signal 
at Ascension. For instance, even a burst height at 50 m would be equivalent to a 
10-50 kg explosion on the SOFAR axis. A similar case holds for such an explosion 
over a steeply sloping bottom. On the other hand, for a burst conducted above 200 m 
deep, flat-bottomed water, the energy coupling is reduced by about an order of mag- 
nitude. These simulations were conducted for a mid-latitude ocean sound speed 
profile, while the profile at the more southern putative Alert 747 location may well 
be different, e.g., a shallower SOFAR axis. Indeed, the SOFAR axis depth may be 
200 m or even less at PE&M’s latitude, in which case it is possible that insonification 
of the SOFAR channel would be more efficient than the calculations suggest.*? 

Bache et al. made a similar hypothesis about the spectral character and dura- 
tion of a nuclear explosion near the ocean surface.” In this case the hypothetical 
explosion appears to be tailored to the characteristics of Alert 747. Bache calcu- 
lated a hydroacoustic signature at a range of 6,600 km, notably the distance between 
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PE&M and Ascension Island, for a 1-kt nuclear explosion at the surface of a deep 
ocean with the sound speed profile of the South Atlantic. Included were two mech- 
anisms by which the explosion energy couples into the ocean, being the dominant 
air blast-induced pressure loading on the surface plus direct coupling of thermal 
energy into the water. The observed spectrum was found to depend almost entirely 
on the source properties, while its duration was determined by the propagation, i.e., 
the travel path characteristics.” 

The frequency at which the spectrum peaked at this 1 kt yield was found to be 
around 22 Hz, for other yields the peak frequency scales with the cube root of the 
yield. The authors of the report mention two French airbursts (though do not iden- 
tify their dates), but are uncertain about whether an analogue can be drawn between 
these high yield, high burst altitude explosions and their simulation of a low yield 
near surface explosion. Nonetheless, they note that their calculations for both signal 
frequency content and duration are consistent with the French data. The two U.S. 
barge tests previously mentioned may be more relevant, and broadband spectra were 
published for the 57-kt Magnolia shot.” The peak of around 6-7 Hz for the deeper 
hydrophone, which recorded the largest signal, is in agreement with the predicted 
cube root scaling.” 

The shapes of the calculated and observed frequency spectra are very similar, 
with no discernible fine structure. They are also broadly consistent with indepen- 
dent simulations in that the amplitude has a broad peak but decreases steeply on 
either side.” The latter, calculated at a range of 10 km for a 1 kt burst at an alti- 
tude of 50 m, do however, contain distinct, though not particularly sharp, peaks 
and troughs. For both sloping and flat ocean bottom cases a peak occurs at around 
12.5 Hz, like that used by the NRL for the Alert 747 signal, while the deep-water case 
instead has a shallow trough at 12.5 Hz (the peak moves to 15 Hz but which would 
then move back to about 12 Hz under cube-root scaling for a 2-3 kt explosion). 

For all three simulations, there is more energy in the 2.5-10 Hz frequency inter- 
val, which the NRL did not use in their analysis. But such considerations would also 
need to account for the frequency response of the hydrophones and/or the domi- 
nant frequency of noise sources. The NRLRD-80 does note that the ambient noise at 
10 Hz is about 70 dB referenced to 1 micropascal, rapidly increasing below 8 Hz due 
to surface waves and above 18 Hz due to the acoustic signals generated by marine 
mammals. These figures continue to be borne out by observations.” For instance, 
the upper bound is almost certainly a reference to vocalizations by fin and blue 
whales.”° 


Other potential corroborative or related data 


Some other potentially corroborating data for Alert 747 exist but they were not 
of sufficient quality and/or uniqueness to be considered definitive evidence of a 
nuclear explosion. This includes unusual aurorae observed in Antarctica and a so- 
called electron precipitation event sensed by the TIROS-N weather satellite.” Either 
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type of event could have been the consequence of an EMP from a surface nuclear 
burst. The TIROS-N observation was ultimately attributed to natural causes. While 
broadly coinciding in time with the Vela signal, it was not sufficiently simultaneous 
to be unambiguously connected to Alert 747. 

On the other hand, the sudden brightening of an aurora observed at the 
Japanese Syowa Antarctic research station, almost due south of PE&M, occurred 
within seconds of the Vela signal. While not necessarily unique, it was consid- 
ered plausible that the two were related. Furthermore, and relevant to criticism 
raised by the Ruina Panel, in a very thorough assessment of all accessible geo- 
physical data, nothing was found that conflicted with the occurrence of a nuclear 
explosion.”® 

Another possible corroborative observation was a traveling ionospheric distur- 
bance detected at the Arecibo radio telescope in Puerto Rico, which had the right 
velocity and originated from the right direction, and which would otherwise only 
have a 1-in-50 chance of occurring randomly.” The responsible scientists never 
claimed it to be unambiguously associated with the Vela signal, and the NRL also 
dismissed the idea that the two were related.'°° 

A curious piece of evidence concerns ionosonde data, described in a 23 July 1980 
memorandum to NRL Director Berman from its head of the Ionospheric Effects 
branch of the Space Science Division.’*! A so-called “bite-out,” or depletion, of the 
ionospheric electron density was found in the ionosonde data from Marion Island 
beginning between 00:45:00 and 01:00:00 UTC on 22 September 1979 (i.e., bracket- 
ing the origin time of Alert 747) and extending to 02:30:00 UTC, but was not seen in 
data from Johannesburg, Kerguelen Island, or Grahamstown (South Africa). Despite 
the data being described as “exceedingly poor quality” the depletion was charac- 
terized as a “rather striking anomaly” that had been previously observed following 
low-yield nuclear bursts conducted near ground level. 

Given the remote location in which Alert 747 is thought to have occurred, there is 
really no surprise that data corroborating the optical flash, levels of iodine-131, and 
the hydroacoustic detections were difficult to find. Having occurred almost 40 years 
ago, there were fewer observatories with sensors capable of detecting the event, and 
sensitivity was also lower. Even today, the southern Indian Ocean is not well moni- 
tored compared to other areas.!” 

Given the elapsed time since Alert 747, new information could possibly be 
acquired by looking at more recent and the September 1979 data sets. Better statis- 
tics, such as time, location, strength and number, would now be available for natural 
events which could mimic those of a surface nuclear burst. Also, a fresh look at each 
possible (civilian) corroborative data set, using more sophisticated algorithms and 
software, could possibly yield new insights. There is no guarantee that the original 
data have survived in a useful format, however, since much was possibly recorded 
on analog equipment and/or stored on magnetic tape. Unless it has been archived 
in a modern format it may well be irrecoverable. A significant investment of time 
and resources would be required just to stage the analysis. 
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Logistics of a nuclear test near Prince Edward and Marion Islands 


Atoll lagoons like Mururoa are logical locations for conducting nuclear tests since 
they are protected from the open ocean. If nothing else, the timing of a test would 
be less dependent on weather conditions, although wind speed and direction are 
important for fallout predictions. They also provide a stable platform, important for 
diagnostic instrumentation, personnel safety, and protection of the device. 

The waters around PE&M provide none of these advantages. There is no safe 
harbor. Further, with a storm approaching the island group on 22 September 1979, 
with one report citing cyclone conditions, it seems likely the seas would have been 
running a large swell. Conducting a controlled experiment within the roaring forties 
would present a significant logistical challenge. 

Marion is inhabited by the staff of a civilian weather observatory and a biological 
research station on the northeastern side of the island. These facilities were report- 
edly occupied at the time by a team of twelve scientists and technicians. As can be 
seen in Figure 5 there were realistically only two locations around the islands where 
a small nuclear test could be carried out without being noted by the station staff: off 
the southwestern part of Marion behind the 1,200-meter volcano, or north of Prince 
Edward Island behind the 600-meter volcano on that island.!°° Offshore from both 
sites is about 1.5 km of shallow water. The distances to the station are a little more 
than 20 and 30 km, respectively. That would presumably shield the station from 
much of the light and the sound of the explosion. The local time at the island group 
is UTC+3 hours and most staff should have been asleep at 3:53. This is 2 hours and 
24 minutes before sunrise and for someone awake potential explosion effects could 
presumably have been taken for lightning and thunder given there was heavy storm 
activity in the vicinity.!°* Of course, the explosion could have occurred tens of kilo- 
meters from the islands, to preclude any possibility of being seen or heard by station 
staff. The Vela 6911 optical flash, south-east Australian sheep thyroid iodine-131, 


Research station OQ 


Marion Island 


Prince.Edward Island 


Figure 5. Prince Edward and Marion Islands seen from the north. The two marked test points are the 
ones most likely to avoid disclosure of an explosion by the staff at the research station. From there 
the near Marion potential test point is 23 km away behind the 1,230 m State President Swart Peak and 
near Prince Edward Island the optimum point is 32 km away behind the 672 m Van Zinderen Bakker 
Peak (Google Earth). 
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and Ascension Island hydroacoustic data would still be consistent with each other 
for such an uncertainty in the event location. 

Finally, if the 1979 Vela incident was a nuclear test then those responsible pre- 
pared very well in choosing a time and place that would make detection extremely 
difficult. If not a nuclear test, and instead a member of the Vela zoo population, then 
the fact that the only uniquely nuclear-like zoo event could be tracked back to such 
a remote location is remarkable. 


Discussion and conclusions 


Through forensic analysis of relevant radionuclide and hydroacoustic data, this 
paper considerably strengthens the argument that Alert 747 of 22 September 1979, 
otherwise known as the Vela Incident, was in fact a nuclear explosion. The main 
technical results can be summarized as follows: 

Professor Lester VanMiddlesworth’s claim to have detected iodine-131 in the thy- 
roids of southeastern Australian sheep slaughtered in late October and early Novem- 
ber 1979 has been vindicated and strengthened. These sheep had been grazing in an 
area hit by rain on 26 September 1979, when a plume from the potential explosion 
site near PE&M was passing. Three spectra from different thyroid samples of sheep 
slaughtered on three different dates are published here for the first time. These spec- 
tra show two signature gamma-ray emission lines of iodine-131. 

The concentrations in air corresponding to the thyroid concentrations are well 
below the detection limit of two airborne radionuclide particulate surveillance sys- 
tems then operating in Australia and New Zealand. These consequently could not 
see any iodine-131 in the pertinent time window. The very low concentration in the 
cloud blowing across southern Australia is consistent with a low-yield nuclear explo- 
sion of a few kilotons near the ocean surface, where the ejected water together with 
precipitation within a cyclonic storm, which passed the islands at the time, caused 
the bulk of the debris to rain out close to the event. 

A clear hydroacoustic signal was detected at two sites. The signal had properties 
consistent with an explosive source and was like that observed from French nuclear 
tests at their Pacific atoll test sites. The assessments showed that the signals had orig- 
inated at the same time and at a location consistent with the location inferred from 
the Vela satellite flash detection. Further, the time and location are compatible with 
the dissemination and the detection in Australia of the fission product iodine-131 
from the suspected site. 

The case for a nuclear explosion being responsible for the 22 September 1979 
Vela Incident is now founded upon three pillars, which include the original opti- 
cal signal, the iodine-131 evidence, and the hydroacoustic signal. Each one, even 
by itself, is a strong indicator of a nuclear explosion. Indeed, analysts have previ- 
ously argued that the optical and hydroacoustic signals are definitive indicators for 
a nuclear test, while the iodine-131 detections provide robust and credible evidence 
for a nuclear fission event shortly before ingestion by the grazing sheep. All three 
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data sets have high SNRs and can be traced back to similar spatial and temporal ori- 
gins, even within a few minutes for the optical and hydroacoustic signals. It would 
be an unlikely coincidence if these phenomena did not have a common cause. 

These conclusions should be contrasted with the findings of the Ruina Panel, 
which concluded that “the signal was probably not from a nuclear explosion” given 
the lack of “persuasive corroborative evidence” and, focusing on the double flash 
instead, the slight difference in the optical signal seen by two independent bhang- 
meters aboard the same Vela satellite. This difference was only in the second pulse of 
the time history and had another credible explanation. On the other hand, the first 
pulse was entirely consistent between the two sensors and with previous nuclear 
tests, but inconsistent with the population of a few hundred or so unexplained sig- 
nals detected by Vela, and since then by other satellite bhangmeters, from which the 
Ruina Panel suggested Alert 747 was drawn. The Panel was premature in dismissing 
the hydroacoustic data and its analysis, which provide a strong prima facie endorse- 
ment of a nuclear explosion scenario. Also, although not specifically addressed in 
the Panel’s declassified written report, comments made by a few members afterwards 
were incorrectly dismissive of the iodine-131 data and its implications. 

This independent analysis is based on documentation that has only become 
accessible over the last decade - an important NRL hydroacoustic report remains 
classified, however. The analysis serves to demonstrate the need for open access to 
additional technical hydroacoustic data. Such data will be useful in particular to 
strengthen the International Monitoring System associated with the Comprehen- 
sive Nuclear Test-Ban-Treaty. 
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velocity gradient reverses, and so the velocity increases with depth (due to the increasing 
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cient SNR to provide a bearing and travel path range. Only declassification of the NRL 
report could address this question. 
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Considering only the reflected signal at Ascension, the approximately 10,000 km path 
suggests that a source could also be placed to the west of the reflection point, instead of 
to the east and the PE&M group. A single signal could not differentiate between the two 
scenarios and may be the reason why in NRLRD-80, “the vicinity of Clarence Island” is 
mentioned as a possible source region. This is perhaps also one reason why the Palmer 
Peninsula (more commonly known as the Antarctic Peninsula) was mentioned as a pos- 
sible source region in one article (see Phillip J. Klass, “Clandestine Nuclear Test Doubted,” 
Aviation Week and Space Technology (11 August 1980): 67-72.) Clarence Island is the east- 
ernmost of the South Shetland islands, which follow the coastline of the Antarctic Penin- 
sula at a separation of approximately 120 km. However, a reflected path from Clarence to 
the East Scotia Ridge to Ascension would be little more than 7,000 km, inconsistent with 
the length estimate from the signal duration. The reflection would instead have to be from 
Antarctica itself, probably the Ronne Ice Shelf in the Weddell Sea, to remain consistent 
with the observed bearing of 198 +10 degrees. Clarence Island lies along a bearing from 
Ascension of around 201 degrees, well within the uncertainty bounds given in NRLRD- 
80, but the length of such a direct path is only about 6,750 km. A 10,000-km path along a 
bearing of 198 degrees from Ascension that passes through the Antarctic continent itself 
is impossible. A bearing of around 204 degrees for 10,000 km takes the path through the 
Drake Passage (between Cape Horn and the South Shetland Islands) and into the southern 
Pacific Ocean at 64.5 S and 121.5 W. But there are no islands charted there, or within 10 
degrees or more. Also, any such source would be unlikely to produce a signal at Argen- 
tia without travelling a long path, which would likely require more than one reflection 
(e.g., bouncing off Africa then South America). Instead it would likely produce a signal 
at one or more of the several Integrated Undersea Surveillance System facilities along the 
west coast of the United States. Finally, neither Clarence Island nor any part of the Palmer 
Peninsula or the Ronne Ice Shelf could provide a direct path to the Argentia SOSUS array, 
and it is also difficult to see how a reflected signal could arrive at Argentia without mak- 
ing multiple reflections. In summary, for detections to be recorded at both Ascension and 
Argentia, direct and/or reflected, demands a source east of any Antarctic reflection point, 
with the PE&M vicinity providing the best overall consistency with the data. 

Another possible reflection point, also part of the Scotia Ridge and at a bearing of almost 
198 degrees, would be South Georgia Island. The longer distance implies an explo- 
sion at 00:47:00 UTC, which is still close to the time of the Vela flash. This region has 
recently been suggested to be a suitable reflection point for hydroacoustic signals follow- 
ing the probable explosion of the Argentine submarine on 15 November 2017 and anal- 
ysis released on the CTBTO web site. Following a reflection at either point, the signal’s 
path to Ascension would essentially be unimpeded. Unfortunately, either reflection point 
would be inconsistent with the Argentia signal being reflected from the same region, as it 
would be blocked by the easternmost South American continent (i-e., Brazil). Assuming a 
great circle path, a direct arrival at Argentia from PE&M is also problematic as the signal 
would encounter several bathymetric features acting to block and/or scatter it. In order of 
increasing distance from PE&M these include the continental margin of the African land 
mass near the Cape of Good Hope, the Walvis Ridge with many seamounts rising to within 
a kilometer or so of the surface (i.e., likely intersecting the SOFAR axis), and again the 
African continental margin off its westernmost part. Some geodesic paths, which account 
for the ellipticity of the Earth, and/or laterally refracted paths, may not be as adversely 
affected and it is feasible a weak direct arrival could be observed at Argentia. Otherwise 
the Argentia signal would have to be reflected from a different point near Antarctica than 
the Ascension signal, a clue which is given in the handwritten notes accompanying a letter 
to the NRLRD dated 9 June 1980. A travel distance of 24.7 degrees is given between PE&M 
and Antarctica. The point in Antarctica corresponding to such a distance is at 69.00 S and 
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15.75 E respectively. The path from there to Argentia could then feasibly produce the 
detected arrival, implied to have been at 03:59:00 UTC in the notes, though it would pass 
very close to the continental margin of South America at its most eastern point in Brazil. 
See Letter from L. H. Ruhnke to Alan Berman, Document #SA01064. 
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